Construction projects are conventionally analyzed considering factors such as cost and completion time. The present paper focuses on the projects particularly dealing with the house or building. The paper aims at an objective of introducing a synergy between project and supply chain management. After a brief relevant literature review, major construction activities have been discussed and the associated synergy between project management and supply chain concepts has been explained. Applications of the supply chain concepts such as forward and reverse logistics along with the customer order decoupling point in the context of construction management are discussed as a result of the proposed development. For this purpose, a categorization of construction product is developed on the basis of land and building characteristics and it is the major contribution of the present paper. This is also expected to be useful for estimating lead time and availability of the product in the context of relevant supply chain, and an associated managerial implication.
Introduction
Uncertainties in demand and supply along with other factors have led to higher risks in the supply chain. The ability to match supply more closely with demand may be called agility and the key to agility is speed (Christopher & Towill 2002) . Synchronous supply requires transparency of demand and pipeline inventory in as close to real time as possible (Christopher & Lee 2004) . The following factors are critical to succeed (Giunipero & Pearcy 2000) and even to survive in today's competitive arena: Supply chain concepts have generally been applied to products, such as concurrent engineering or product design (Fixson 2005) . Supply chain process variability may include the internal factors as well as the inconsistencies in flows into and out of the firms (Germain et al. 2008) . The contribution of this paper is to explore the synergy among the supply chain, the product, and the project management particularly the construction of houses. Reverse logistics is a specific branch of supply chain applied to the End Of Life (EOL) products. Many problems regarding the collection of EOL products lie within its operational aspect (Hanafi et al., 2008) . Key concepts of the forward supply chain design may be useful for the development of reverse supply chain strategies (Blackburn et al., 2004) . In the recovery process, returned products may be converted to different forms such as module, part, and material (Wikner & Tang 2008) . Postponement can act as a unifying concept for the forward and the reverse supply chain. The decisions made under certain consumer demands and the decisions made under uncertain demands (Wikner & Rudberg, 2005a) are separated by the customer order decoupling point (CODP). Demand driven engineering adaptations have also been included (Wikner & Rudberg, 2005b) . Application of the forward and reverse supply chain along with the CODP is unconventional in the context of construction management. The present paper focuses on these aspects. Now a brief literature review would be relevant concerning the construction business as a supply chain. The building or house is finally a product to be handed over to the customer. However taking a process view, there are certain key phases. Some of the important phases (Edum-Fotwe et al., 2001) The process begins with a client requiring a building or house. The construction business may involve a large amount of information exchange process. As it is happening in other industries, the competition in the next decade is expected to be among different supply chains and not among individual companies in the construction business. In order to address the competition, the organizations have greater reliance on outsourcing (Hendry, 1995) . The skills needed to operate the construction supply network have been examined (Briscoe et al., 2001) . At the strategic level, the focus is on moving the whole organization towards achieving certain vision in spite of the presence of external pressures (Aritua et al., 2009) . Analysis supports the suggestion that the construction industry operates in a multi-project environment (Chinyio et al., 1998) . Integration of projects and strategic planning becomes necessary for considering both internal and external environments (Pellegrinelli, 2002; Morris et al., 2006) . Competitive tendering-based strategies emphasize short-term value, while long-term value is emphasized in close relationship (Ahola, 2008) .
As it is discussed before, concerning the objective of this paper, the next sections deal with certain related aspects. These aspects aim towards synergistic nature of supply chain and project management, in particular the construction of houses or buildings.
In order to create this synergy, it is necessary to categorize the construction product in the context of the supply chain and this is one of the main research/ practice objectives. For achieving this objective, the following methodology is adopted:
(i) A brief study of the sequential activities in the house or building construction is made.
(ii) After exploring the price and quality parameters, an appropriate categorization is proposed. This is expected to be helpful in the further analysis of the research problem.
(iii) On the basis of lead time and availability, the proposed categorization is further analyzed in the context of customer order decoupling point (CODP) determination.
The present paper is organized in five sections including the introduction, i.e., the section 1. Section 2 discusses the construction activities. On the basis of factors such as price and quality, various combinations for the land and building are generated. In addition to the price and quality, the supply chains may also compete on the factors such as availability of the products/ services and the lead time. Therefore the lead time and availability are the relevant issues for section 3. Since the housing projects are different in comparison with the general industrial products, section 4 presents this briefly in the context of reverse logistics. Finally the section 5 concludes this paper.
Construction activities
Typical activities in the construction are shown in Fig.1 . A land owner sells certain area for further use to the builder or developer. This may also be procured by an individual customer. Then different sequential activities are performed until the house or building is occupied by the intended customer(s). A progressive company involved in the project management can usually benefit from an appropriate analysis of these sequential activities. The objective of the present paper is to introduce a synergy between the project and supply chain management. Therefore, it is reasonable to discuss certain factors on which the general supply chains usually compete and then develop these factors in the precise context of construction management. Supply chains usually compete on the factors such as:
(ii) Quality (iii) Availability of the products/ services (iv) Lead time
In the present context, the price and quality may be analyzed at two levels. Consider the interface of the land owners (potential sellers of the space) and builder/ developer, i.e., the two players in the supply chain. Land owners may be the government or private. Quality of the land (without any construction) may be judged from the analysis of the criteria such as the proximity of various facilities for a good life. Price of a piece of land may be dynamic depending on the supply-demand scenario. However for certain planning period, it can be categorized as 'low' or 'high'. A company involved in the project management activities can analyze it on the basis of specific location. For example, the perception of 'high' price at a location may also be treated as the 'low' price at another location. It is possible to develop suitable measurement scale. However it would be location specific. These two categories ('low' or 'high') are applicable for the quality level also. The conceptual diagram is shown in Fig.2 . Apart from the land (without construction), the building/ house (i.e., the construction/ building materials and services) may also have such price-quality combinations. Quality characteristic has been discussed before, considering:
(i) Quality of the land (without any building construction)
(ii) Quality with respect to the building characteristics.
Since the quality is a relative term. It should be perceived by the company involved in project management activities in the context of the specific customer group. For example, the perception of 'high' quality for a customer group may be treated as the 'low' quality for another customer group. A customer group specific measurement scale can conveniently be developed for categorization of the quality characteristic. The following combinations in the context of building characteristics may take place:
(i) Low Price-Low Quality (LPLQ)
(ii) Low Price-High Quality (LPHQ) (iii) High Price-High Quality (HPHQ) (iv) High Price-Low Quality (HPLQ)
Out of these four possibilities, LPHQ and HPLQ seem unusual. However depending on the location and environment, even a low overall quality building may finally have high price. This may be due to the lack of supply chain orientation, inefficiencies in the procurement/ execution of goods/ services. At the same time, if the location of the building is nearer to the source of high quality material/ personnel/ equipment, LPHQ may be a possibility, though rare one. The remaining two combinations are LPLQ and HPHQ. It is needless to say that these occur usually in the real world for obvious reasons. It seems reasonable to consider these two building combinations for further development though it is possible to include that remain. Land characteristics also include price and quality. Low quality may refer to, for example, rural location, for want of the proximity to several facilities. All the four combinations, i.e., LPLQ, LPHQ, HPHQ, and HPLQ are retained because these may easily be observed in practice. The selected combinations for land and building are shown in Table 1 . Prefix of 'L' and 'B' is used for distinction between the land and building respectively. Using the four and the two combinations for the land and building respectively, a total of eight categories can be generated as follows:
(i) L-LPLQ-B-LPLQ (ii) L-LPLQ-B-HPHQ (iii) L-LPHQ-B-LPLQ (iv) L-LPHQ-B-HPHQ (v) L-HPHQ-B-LPLQ (vi) L-HPHQ-B-HPHQ (vii) L-HPLQ-B-LPLQ (viii) L-HPLQ-B-HPHQ
On the basis of the present discussion, the following propositions may be offered: P1: In order to create a synergy between project and supply chain practices, the land and building characteristics play a significant role. P2: Using price and quality factors, the land and building can be classified.
P3: The categorization of construction projects is significant on the basis of various combinations for land and building in the context of supply chain practices.
As it is discussed before, the supply chains compete usually on the price, quality, availability of the product, and lead time. The present categorization of the product on the basis of price and quality will be useful for the estimation of lead time and availability.
Lead time and availability
The present categories may also relate to the customer groups and an assessment of the requirement for each one will be helpful for project/ supply chain planning. For instance, in the category (i), i.e., L-LPLQ-B-LPLQ, the quality requirements (in the context of facilities) are less specific. The risk (in the context of investment) of the builder is low because low costs are involved. Certain level of standardization may be planned. In some situations, the government also plans for such housing projects for lower income group people. The category (vi), i.e., L-HPHQ-B-HPHQ is at another extreme. The risks involved are high. Quality requirements are specific and may require a lot of negotiation/ interaction with the potential customers. As shown in Fig.3 , the customer can approach through any channel.
Fig. 3. Channel for the customer demand
The product may be available on demand, i.e., the availability is quite satisfactory from the customer point of view. On the other hand, the customer has to wait for the product after placing the demand. The lead time may refer to this elapsed time, i.e., between the time when the product was actually acquired and the time when the demand was raised. The discussed categorization is also helpful for determining:
(i) Whether it is justified to deliver the product on demand.
(ii) Whether certain lead time is necessary and agreed upon by all supply chain partners including the customers. Fig.4 provides a guideline for an assessment of the lead time. However it should be analyzed location/ area wise. In case where procurement of the land has been completed in anticipation of demand, the CODP is at a position (ii). Similarly it may also be at (iii) and so on. The lead time will decrease as the CODP shifts from left towards right side. Different categories have been discussed before. After an identification of the appropriate category, the corresponding CODP should be decided by the partners in the chain for a flawless execution of the projects. In the context of CODP determination, the following propositions may be offered:
P1: An estimation of the lead time and the availability is significant for the implementation of supply chain practices. P2: The proposed categorization is useful for an estimation of the lead time. P3: The developed categories are helpful for the determination of corresponding CODP.
Reverse logistics
In the previous sections, the general supply chain concepts have been mentioned in the specific context of construction management in order to introduce a synergy. There is an increasing trend of incorporating reverse logistics also in the supply chain scenario nowadays along with the forward logistics. Therefore this paper discusses briefly the reverse logistics also in the context of the construction products. For End Of Life (EOL) products, reverse logistics plays an important role. However the situation related to housing projects is different from the other general industrial products. Still certain conceptual understanding of the reverse logistics in the context of construction management would be useful in a synergistic environment wherever applicable. Different customers have different objective for the procurement of house such as:
(i) To use it as their own residence (ii) To purchase for an investment purpose (iii) Frequent buying and selling as their business.
As it is discussed before, the procurement of land is a significant activity in the construction management. Similarly people may have different objective concerning this, such as: (i) Purchase the land and build own house for the residence (ii) Purchase and sell to the construction companies/ individuals at an appropriate time (iii) Long-term investment.
Table 2
Comparison of industrial and construction product Industrial product Construction product (i) Product is moving (i) Product is stationary (ii) Tracking of the product for its whole life may be necessary (ii) Tracking of the user for a long-term may be beneficial (iii) Raw material and some components (iii) At the EOL or demolition stage, the may be reused at the EOL reuse may be difficult to visualize (iv) Depending on the location/ (iv) During the long-life, there may be selling/ buying customer behaviour, the product may also be scrapped during its life Reverse logistics has been discussed widely with respect to the general industrial products in the available literature. Therefore it would be relevant to compare this with the construction product. This is shown in Table 2 in the context of reverse logistics. It is expected to be useful for creating suitable focus in the construction chain. An analysis of the category wise behaviour would be useful for the application of reverse logistics. Depending on a particular category, the items (used in the final construction of the house/ building) may be reused/ resold/ scrapped. As the conventional supply chain may focus on the reverse logistics also along with the forward one, the collection strategies may be developed in the present context. A proper tracking of the user/ product is advantageous for an implementation up to certain extent. In the supply chain scenario, a consolidation of the actual/ expected demand for items may be practiced. After making a forecast for each category, the common items/ modules can be identified and these can be consolidated for procurement/ storage planning. This will also be helpful for the cases like renovation or demolition at the end of life period for a product.
Concluding remarks
The present paper has focused on the synergistic nature of the construction management and supply chain management. The unique contribution of this paper is the development of the categorization of construction product. This is done on the basis of land and building characteristics. Various combinations are expected to be useful for CODP determination and the forward/ reverse logistics implementation in this area. Lead time and availability estimation are important managerial activity for future planning and decisions. These will be facilitated with the help of present discussion. The future work may incorporate this conceptual development into more complex modeling, analysis, and case study approach.
